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癌细胞凋亡的影响；蛋白表达用 Western blotting 检测。细胞划痕和





氢青蒿素抑制 mTOR 通路的激活和 GLUT1 的表达。上调 Rheb 的表达后激活
mTOR 通路可减轻双氢青蒿素对糖酵解和细胞增殖的抑制作用。过表达 GLUT1














 双氢青蒿素与 2DG 合用可激活 caspase-9、caspase-8 和 caspase-3 活性，促进细
胞色素 C 和凋亡诱导因子释放到胞浆，诱导细胞凋亡。双氢青蒿素可抑制肺癌






















BACKGROUND AND OBJECTIVE:  
Lung cancer is the most common malignant tumor and the leading cause of 
cancer-related mortality worldwide. Non-small cell lung cancer (NSCLC) is the most 
common type of lung cancer. Resistance of NSCLC cells to apoptosis is a major 
obstacle in anticancer treatment. A unique characteristic of many tumor cells is 
increased glucose uptake and elevated aerobic glycolysis. Glycolysis with generation 
of lactate and reduced mitochondrial oxidative phosphorylation metabolism through 
the tricarboxylic acid (TCA) cycle is commonly found in cancer cells. This 
remarkable metabolic reprogramming, known as the Warburg effect, provides cancer 
cells an advantage to grow even in regions with hypoxia. Accordingly, current 
researches focus on the development of innovative compounds that promote the 
apoptosis of therapy-resistant NSCLC cells. Dihydroartemisinin (DHA) is an 
important derivative of Artemisinin, a natural product isolated from Chinese 
medicinal herb Artemisia annua L. (qinghao). As a very potent anti-malarial drug, 
DHA has been used as first-line therapeutics against malaria falciparum worldwide. 
Recently, studies have shown that DHA has profound effect against breast cancer, 
papillomavirus-expressing cervical cancer, liver cancer and pancreatic cancer. 
Additionally, DHA has been shown to exert anticancer effects by induction of 
apoptosis without obvious side effects in lung carcinomas. Moreover, ionizing 
radiation potentiates DHA-induced NSCLC cells apoptosis. Apart from its prominent 
pro-apoptotic effect, DHA affects cancer cell functions, including tumor cell 
proliferation, angiogenesis, and immune regulation. However, the exact molecular 
mechanisms of DHA anticancer effects remain to be fully investigated.   
METHODS:  
The MTT assay was used to access cytotoxicity. Western blotting was used to 
determine the protein expression. To upregulate the expression of GLUT1 and Rheb 













 using the ATP Bioluminescent Somatic Cell Assay kit. Invasion, migration and 
wound healing assays were used to test cell-matrix adhesion, invasion and migration 
activities, and cellular motility. 2, 7-Dichlorofluorescin-diacetate (DCHF-DA) assay 
was for analyzing intracellular ROS. 
RESULTS: 
Here, we showed that DHA decreased cell viability and colony formation, 
induced apoptosis in A549 and PC-9 cells. Additionally, we first revealed DHA 
inhibited glucose uptake in NSCLC cells. Moreover, glycolytic metabolism was 
attenuated by DHA, including inhibition of ATP and lactate production. 
Consequently, we demonstrated that the phosphorylated forms of both S6 ribosomal 
protein and mechanistic target of rapamycin (mTOR), and GLUT1 levels were 
abrogated by DHA treatment in NSCLC cells. Furthermore, the upregulation of 
mTOR activation by high expressed Rheb increased the level of glycolytic 
metabolism and cell viability inhibited by DHA. These results suggested that 
DHA-suppressed glycolytic metabolism might be associated with mTOR activation 
and GLUT1 expression. Besides, we showed GLUT1 overexpression significantly 
attenuated DHA-triggered NSCLC cells apoptosis. Notably, DHA synergized with 
2-Deoxy-D-glucose (2DG, a glycolysis inhibitor) to reduce cell viability and increase 
cell apoptosis in A549 and PC-9 cells. However, the combination of the two 
compounds displayed minimal toxicity to WI-38 cells, a normal lung fibroblast cell 
line. More importantly, 2DG synergistically potentiated DHAinduced activation of 
caspase-9, -8 and -3, as well as the levels of both cytochrome c and AIF of cytoplasm. 
However, 2DG failed to increase the reactive oxygen species (ROS) levels elicited by 
DHA. Overall, the data shown above indicated DHA plus 2DG induced apoptosis 
was involved in both extrinsic and intrinsic apoptosis pathways in NSCLC cells. 
CONCLUSIONS: 
DHA plus 2DG induced apoptosis was involved in both extrinsic and intrinsic 
apoptosis pathways in NSCLC cells. DHA was able to inhibit the invasion ability of 
A549 in vitro, and the suppressed invasion activity was related to down-regulating the 
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理想的选择，但 5 年生存率也仅有 18%左右。由于肺癌早期缺乏典型症状，起病
隐匿是多数患者就诊时已经为中晚期，失去手术时机，中位生存期为 8-12 个月，











































细胞 IC50  
umol. L-1 





白血病 U937 0.92 MTT 3 肺癌 NCI-H23 5.54 SRB 4 
 K562 3.76 MTT 3  SPC-A-1 29.9 MTT 5 
 Jurkat 0.65 MTT 6 卵巢癌 OVCA-420 5.64 MTT 7 
 HL-60 1.74 MTT 6  OVCA-439 3.83 MTT 7 
结肠癌 HT29 0.82 SRB 3 乳腺癌 MCF-7 5.27 SRB 3 
 HCT116 1.34 SRB 3  MDA-MB-231 ＞20 SRB 3 
肝癌 SMMC7721 5.97 SRB 3  MDA-MB-435 0.49 SRB 3 
 BEL-7402 4.65 SRB 3 前列腺癌 DU145 ＞20 SRB 3 
 HepG2 13.35 MTT 8 宫颈癌 HeLa 2.51 SRB 3 
 Hep3B 10.3 MTT 8 黑色素瘤 A375 1.04 SRB 3 
胃癌 MKN-28 1.81 SRB 3 口腔鳞癌 KB 1.87 SRB 3 
 MKN-45 13.61 SRB 3 骨肉瘤 U2OS 7.89 SRB 3 
 SCG-7901 1.08 SRB 3 横纹肌肉瘤 RH30 4.95 SRB 3 
胰腺癌 BxPC-3 33.6 MTT 9 神经母 UKF-NB-3 4.50 MTT 10 
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